The study aim was to investigate the effect of three different morphine doses added to levobupivacaine 0.125% for caudal analgesia after circumcision surgery in children, particularly in relation to the frequency of postoperative vomiting within the first 24 hours following surgery. Two hundred and forty patients aged 5 to 12 years undergoing circumcision were included in the study. Following induction, caudal 0.125% levobupivacaine 0.5 ml/kg was given after adding 7.5, 10 or 15 µg/kg morphine. The postoperative incidence of vomiting was 5%, 12.5% and 17.5% in the groups 7.5, 10 and 15 µg/kg morphine, respectively (P=0.012, 7.5 versus 15 µg/kg groups). Five percent of the 7.5 µg/kg group and none of the patients in the other groups required paracetamol within the first 12 hours, and there was a significantly greater need for rescue paracetamol over the 24 hours in the 7.5 group versus the 15 µg/kg group (P=0.013). Postoperative analgesic durations were long and did not differ between groups (1273±338, 1361±192 and 1426±48 minutes, respectively, P=0.08). in conclusion, because the incidence of vomiting is very low, the duration of postoperative analgesia is long and a dose of 7.5 µg/kg caudal morphine is much lower than doses previously reported to be associated with respiratory depression, this study supports the use of 7.5 µg/kg caudal morphine added to 0.125% levobupivacaine for circumcision surgery.
Circumcision in children is a common paediatric outpatient surgical procedure in some societies and causes anxiety and postoperative pain. General anaesthesia is used to reduce the psychological impact 1 , and postoperative pain can be controlled using regional analgesia such as caudal block 2 . One of the disadvantages of caudal anaesthesia is the limited duration of effect after a single injection of local anaesthetic, so long-acting opioids such as morphine are often added 3 . Opioid analgesics such as morphine are widely and safely used to control postoperative pain in children 4 , but epidural morphine causes nausea, vomiting, urinary retention, itching, sedation and respiratory depression 5 . Postoperative nausea and vomiting disturbs both the patient and the parents; rarely it causes dehydration and electrolyte imbalance 6 .
The primary purpose of this clinical trial was to investigate the effect of three different doses of caudal morphine, added to levobupivacaine 0.125%, on the 24-hour incidence of postoperative vomiting (POV) after circumcision surgery in children. Secondary outcomes were quality of analgesia and side-effects.
MeThOdS
This randomised, double-blind, three-arm controlled clinical trial was conducted between June and december 2012 after receiving approval from the Ataturk University Medical Faculty ethical committee (registration number B.30.2.ATA.0.01.00/79) and written informed consent from the children's families. Two hundred and forty patients who were between the ages of 5 and 12 years, of American Society of Anesthesiologists class 1 to 2 and scheduled for circumcision were included in the study. Patients who had severe systemic disease, a previously known neurologic or spinal disease, bleeding diathesis, amide-type local anaesthetic allergy, local skin site infection, family history of postoperative nausea and vomiting (POnV) or motion sickness, or chronic upper airway obstruction and habitual snoring, were excluded from the study. routine monitoring-electrocardiogram (eCG), oxygen saturation (SpO 2 ) and non-invasive blood pressure-established basal values. no premedication was given. Anaesthesia induction was performed using 7 to 8% sevoflurane, 50% nitrous oxide and 50% oxygen via a facemask. After loss of consciousness, children were placed in the lateral position and caudal block was performed by one of two anaesthetists experienced in this field, who did not know which caudal study solution was used. Patients were divided into three equal groups according to the randomisation list created using a computer-based randomisation program. The sacral hiatus was located using an aseptic technique, and a 25-gauge needle advanced approximately 3 to 4 mm into the epidural space. After the negative aspiration of blood or cerebrospinal fluid, 0.125% levobupivacaine (volume 0.5 ml/ kg) was injected, with the addition of 7.5, 10 or 15 µg/ kg morphine. One-third of the solution was injected, then the syringe was disconnected to observe for fluid efflux, before the remainder of the study solution was given in two divided doses. Surgery was commenced no earlier than 15 minutes after the caudal block. during the surgery, anaesthesia was maintained with spontaneous ventilation of sevoflurane in 50% oxygen and 50% nitrous oxide via facemask. nitrous oxide was stopped ten minutes after the incision, and after the caudal block the concentration of sevoflurane was reduced to 6%, then 4% and 2%, every five minutes. intravenous fentanyl and other opioids or sedative drugs were not used intraoperatively. Mean arterial pressure, heart rate and saturation were recorded every five minutes. Successful block was defined as the absence of movement or of an increase of more than 20% in heart rate or respiratory rate from baseline during surgery. Technical failure of the caudal block was defined as the need to deepen anaesthesia before the end of the operation, due to either movement or an increase in heart rate or respiratory rate.
The age, weight and operation duration were recorded. routine monitoring was continued in the recovery room, with alarms set at a heart rate of less than 70/minute or SpO 2 less than 92%. The pain scores of each child were assessed by an independent blinded observer using the Wong-Baker FACeS Pain rating Scale from 0 to 5 (0=no pain, 1=hurts a little bit, 2=hurts a little more, 3=hurts even more, 4=hurts a whole lot, 5=hurts worst) 7 . This scale was also explained to the family or guardian of the child so that observations could be continued at home.
The patients were allowed to go home and to eat and drink four hours after the surgery was completed. if the pain score was 1 or greater, a rescue dose of paracetamol (20 mg/kg orally) was administered by the parent or the guardian. Because nausea is not easy to assess in children, only episodes of vomiting or retching were documented. The time of the rescue dose of paracetamol was noted. POV before discharge would be treated with intravenous metoclopramide 0.1 mg/kg. The analgesic duration was defined as the time from the caudal block until the first dose of paracetamol orally. if no rescue paracetamol was needed, the duration was recorded as 24 hours.
The family of the child was contacted by phone the day after the operation, and postoperative pain, paracetamol use and side-effects such as drowsiness, vomiting, itching and urinary retention within the period of 24 hours were investigated. Children who could not urinate spontaneously six hours after the caudal block were defined as having urinary retention.
The primary study outcome was the frequency of vomiting. The incidence of nausea and vomiting in the study by Cesur et al 3 in our clinic was 20%, and we considered a reduction to 5% to be clinically meaningful. Accordingly, we determined that the number of patients required in each group was 73, based on power of 80% and alpha error of 0.05.
The SSPS 10.0 software program (iBM, Armonk, ny, USA) was used for analyses, with one-way analysis of variance used to examine group age and weight and the kruskal-Wallis test used to compare groups for the duration of surgery and of analgesia. The chisquare test was used to investigate differences in the incidence of vomiting and the need for paracetamol within 24 hours. A P value <0.05 was considered statistically significant.
reSUlTS
All patients completed the study and there were no significant differences between groups in terms of age, weight and duration of surgery ( Table 1) . none of the patients received analgesic drugs during anaesthesia. Table 2 summarises details about vomiting and analgesia associated with each dose of morphine. There was a significant relationship between the amount of morphine received and vomiting frequency, as well as a significant difference between the 7.5 and 15 µg/kg groups (P=0.01). Symptoms in patients who experienced POV were mild and transient, and no treatment was required.
There was no significant difference between groups in terms of analgesic duration ( Table 2 , P=0.08). There was a statistically significant relationship between the amount of morphine given to patients and the frequency of rescue with paracetamol. There was no significant difference between the 7.5 and 10 µg/kg morphine groups or 10 and 15 µg/kg groups, but the 7.5 and 15 µg/kg groups differed significantly (P=0.01). The pain scores of patients decreased between 0 and 20 minutes after receiving paracetamol. none of the patients needed a second dose of paracetamol. There was no need for paracetamol within the first 12 hours following the caudal block in 95% of the patients receiving 7.5 µg/kg morphine or in any patient from the groups receiving 10 or 15 µg/ kg morphine.
heart rate, respiratory rate and blood pressure during the operation did not change by more than 20% of the basal value. respiratory depression and haemodynamic instability did not occur at any time. The SpO 2 did not decrease below 95% in the recovery room and no child became bradycardic. All patients were fully awake approximately 30 minutes after the operation and none had motor block within the first postoperative hour. Patients were discharged from the recovery room within four hours, all being able to stand and walk without assistance. no urinary retention, respiratory depression or itching were observed.
diSCUSSiOn
This study found that 7.5 µg/kg of caudal morphine reduced the POV incidence and provided analgesia of similar quality to a dose of 15 µg/kg when combined with levobupivacaine for circumcision surgery. POnV is a widespread and disturbing postoperative problem in children that may lead to an extended duration of hospitalisation and re-hospitalisation following discharge. The incidence of POnV is 20 to 35% in children and adults 8, 9 . risk factors include patient age; gender; previous history of nausea, vomiting and motion sickness; duration and type of surgery; and anaesthetic technique (inhalational anaesthetic agents, high-dose neostigmine and intraoperative and postoperative opioid dose) 10, 11 . There are less data on risk factors in children compared to adults. eberhart et al 12 determined these to be surgical duration >30 minutes, age >3 years and history of nausea and vomiting in parents, siblings or the patient. The anaesthetist can only control the risk factors related to the anaesthetic technique. Circumcision surgery in children causes significant postoperative pain. When compared to parenteral analgesic methods, caudal morphine provides longacting analgesia even after very low doses 13 . however, side-effects restrict the utility of this opioid and are dose-dependent 14, 15 . Short-acting opioids do not increase the incidence of POnV but do not provide postoperative analgesia either 16 . in addition, severe pain may cause nausea and vomiting 17 .
in the circumcision study conducted by Cesur et al 3 , using 1% lignocaine with 5 µg/kg adrenaline, caudal morphine doses of 10, 15 and 30 µg/kg were added and the incidence of POnV was found to be 13, 20 and 47% respectively. in that study, intravenous propofol, which is an anti-emetic, was used for induction and maintenance; no inhalational anaesthetic was used. nevertheless, the incidence of nausea and vomiting was high, especially after 30 µg/kg. The authors suggested that 10 and 15 µg/kg morphine doses should be used since the POnV incidence was lower and analgesia was as satisfactory as a 30 µg/kg dose. none of their patients needed analgesia until after eight postoperative hours. in the study conducted by Fernandes et al 15 on genital procedures, on the other hand, 1 ml/kg of 0.166% bupivacaine with adrenaline 1:600,000, plus 20 µg/kg morphine, via caudal injection, resulted in POnV in 25 to 35% of children, and the authors suggested caution in using this approach for outpatient surgery. krane et al 18 gave patients 33, 67 and 100 µg/kg of caudal morphine after major surgical interventions under the diaphragm and reported a POnV incidence of 33 to 56%. All the morphine doses used in that study provided long postoperative analgesia; however, side-effects increased with larger doses. in this study, the morphine doses used in all three groups were lower than those in the abovementioned studies and we did not use any anti-emetic drugs preoperatively or intraoperatively. Our POV incidence was also dose-dependent, with tolerably low rates for 7.5 and 10 µg/kg of 5 and 12.5% respectively. An opinion shared by surgeons and anaesthetists is that non-opioid analgesics are generally not sufficient in the treatment of pain after circumcision. We also observed that the comfort of patients on arousal and in the early postoperative period was good. For these reasons, we recommend caudal morphine analgesia.
There are a limited number of studies related to the caudal use of levobupivacaine in children. We used a mixture of levobupivacaine and morphine in this study and decided to use levobupivacaine 0.125% after reviewing previous studies investigating optimum concentrations of levobupivacaine and bupivacaine for caudal block in children [19] [20] [21] . We found only one retrospective study using caudal levobupivacaine and morphine in children 22 . Two thousand and eightyeight patients received either levobupivacaine or bupivacaine, and morphine was added as an adjuvant in 41 patients. Although postoperative analgesia after caudal levobupivacaine alone was approximately six hours, no information was provided about the analgesic duration in those having the combination. Although a 0.125% concentration alone is of insufficient duration 20 , morphine 7.5, 10 or 15 µg/kg appears to extend the duration satisfactorily, our results showing longer analgesia than that reported with other local anaesthetic and opioid mixtures.
Urinary retention and respiratory depression, the most serious complications of caudal morphine, were not observed in our patients. This risk may vary with the dose and patient age and weight. karl et al 14 , in contrast, reported respiratory depression 2.2 hours after 40 µg/kg caudal morphine given to a 15-month child weighing 9.8 kg. Although the child's breathing and heart rate were normal, the oxygen saturation dropped to 62% and the child became lethargic. A history of chronic upper respiratory tract obstruction and habitual snoring were noted. in another study of 138 people 23 , caudal morphine 70 µg/kg resulted in 11 (8%) patients developing respiratory depression within 12 hours (mean approximately 3.8 hours). Ten of 11 of the patients were 12 months old or younger (eight were less than three months), and they weighed less than 9 kg; most had received intraoperative opioid in addition to the caudal morphine. Morphine doses associated with respiratory depression varied between 40 to 70 µg/kg, mainly involved children less than one year of age and were accompanied by dosing with intravenous opioid. Chronic upper respiratory tract obstruction may constitute a risk factor for postoperative respiratory depression 14 . in our study, the youngest child was five years old and the dose and volume of morphine given were lower. none of our patients received additional opioid, and children with habitual snoring or adenotonsillar hypertrophy had been excluded from the study. We emphasised the importance of oxygen saturation monitoring postoperatively and followed patients for four hours. Saturation did not decrease below 95% in any of our patients. More than 200 circumcision operations per annum have been performed in our clinic since 2000 and no respiratory depression has been reported after routine administration of caudal morphine 15 µg/kg in combination with local anaesthetic. One limitation of this study is the use of inhalational agents that are assumed to be responsible for early POV. however, as this applied to all groups, it did not alter our comparative results.
in conclusion, in this study the frequency of vomiting was decreased significantly by the use of low-dose caudal morphine 7.5 µg/kg. in addition, the analgesic duration was long, and this dose is well below those doses associated with respiratory depression. We conclude that 7.5 µg/kg caudal morphine is an appropriate regimen for circumcision surgery. in other surgery involving higher dermatomes, whether satisfactory analgesia can be obtained by injection of the same local anaesthetic and morphine dose in a larger volume might be the subject of a future study.
